Parameter estimation and simulations of a mathematical model of Corynebacterium pseudotuberculosis transmission in sheep.
Caseous lymphadenitis (CLA) is an infectious disease of sheep caused by Corynebacterium pseudotuberculosis. It is prevalent in most sheep producing countries and was introduced into the UK sheep population in 1991. The pathogen invades the host through epithelium and forms an abscess in the local draining lymph node. Typically, disease presents as clinical, with overt (externally visible) swollen lymph nodes (the parotid, submandibular, prefemoral, prescapular, popliteal or mammary) or sub-clinical, with abscesses in the lungs and associated thoracic (bronchial and mediastinal) lymph nodes. We present a mathematical model in which disease is categorised as overt and/or respiratory (sub-clinical), using the above groupings. In both situations sheep may be infected and may or may not be infectious. In the model, overt abscesses may resolve and respiratory abscesses are considered to be present for life. Using the location of the abscesses, three routes of transmission are postulated: overt to overt, respiratory to overt and respiratory to respiratory. Data from four naturally infected flocks were used to describe populations of sheep with epidemic CLA and to estimate transmission coefficients for each of the postulated transmission routes. The infection process parameters were derived from literature where possible. Parameters were estimated using maximum likelihood methods and compared to the data using a multinomial distribution. The distribution of abscesses in the flocks was similar to endemic data reported in other studies. In the model most infected sheep developed abscesses, and approximately 36% of sheep with overt abscesses recovered from infection. The average time for respiratory abscesses to become infectious was 41 days. In these data, overt to overt transmission was the most frequent route of transmission since it had the highest coefficient in the model compared with respiratory to overt and respiratory to respiratory transmission. Transmission coefficients specific for each flock significantly (P<0.05) improved the model fit to the data. In simulations using values of best-fitting parameter combinations, the proportion of sheep infected was between 0.39 and 0.60 at equilibrium. This is the first mathematical model of C. pseudotuberculosis infection, the parameter estimates indicate that aspects of the infection process could be utilised to design control strategies.